Summary. The effects of prostaglandin (PG) F-2\g=a\ and E-2, cyclic GMP, testosterone and 2,4\m='\-dibromoacetophenone (DBA) on rat seminiferous tubules in vitro were ascertained by measuring contractile frequency, size of contractions and tone (tubular diameter). PGF-2\g=a\ (10\ m=-\ 9\ p=n-\ 10\ m=-\ 5 m) increased frequency and tone but not magnitude of contraction. Contraction frequency and tone were decreased by PGE-2 (10\ m=-\ 9\ p=n-\ 10\ m=-\ 5 m) but the size of contractions was again unaffected. Cyclic GMP (10\ m=-\ 10\ p=n-\ 10\ m=-\ 6 m) increased the frequency of contractions and tone and decreased size of contractions. Testosterone decreased the frequency and size of contractions and increased tone at concentrations of 10\ m=-\ 9 to 10\ m=-\ 7 but higher concentrations (10\m=-\6 m) reversed these changes. DBA (10\ m=-\ 7\ p=n-\ 10\ m=-\ 3 m) greatly decreased the frequency and size of contractions and tone and spontaneous contractions were abolished at 10\m=-\3 M. Our data strongly suggest that PGs, cyclic nucleotides and testosterone are all important in vivo in modulating contractility of seminiferous tubules and as such would participate in sperm transport from the testes.
Introduction
Many hypotheses have been proposed to explain how spermatozoa are transported from the seminiferous tubules into the epididymis. Several investigators (Oslund, 1926; Harrison, 1953; Smith, 1962;  Hargrove, Maclndoe & Ellis, 1977) have suggested that fluid secretion and fluid flow in the seminiferous tubules all are responsible for sperm transport. Zawisch-Ossenitz (1933) postulated that movement of cilia in the efferent ducts was a factor in sperm transport, but this was refuted by Leeson (1963) who found very few cilia in the efferent ducts of the male rat. Wincet (1977) calculated that the cilia of the rat ductus efferentes could only propel approxi¬ mately 3-7 10"5 ml fluid per day. Another possible explanation for the transport of mature spermatozoa suspended in testicular fluid is testicular capsular contractions (Davis & Langford, 1970;  Seeley, Hargrove, Johnson & Ellis, 1972;  Hargrove, Seeley & Ellis, 1973 ; Leeson & Cookson, 1974; Firlit, King & Davis, 1975) although in rodents, at least, capsular contractions are not rhythmic (Ellis, Buhrley & Hargrove, 1978) . Contractions of the seminiferous tubules have also been suggested. The peristaltic movement of individual seminiferous tubules were originally attributed to contraction and relaxation of Sertoli cells (Roosen-Runge, 1951 (Clermont, 1958; Ross & Long, 1966; Ross, 1967) . The boundary tissue of most mammalian seminiferous tubules consists of cellular and noncellular components arrayed in four layers (Lacy, 1967) . From micropuncture studies, Suvanto & Kormano (1970) concluded that tubular contractions do aid transport of spermatozoa and tubular fluid to the rete testis by promoting fluid transport.
Prostaglandins (PGs) can affect tubular contractions (Buhrley & Ellis, 1975; Tso & Lacy, 1975) and are synthesized and metabolized in the testes (Ellis, 1972; Carpenter, 1974) . Testosterone, at physiological concentrations, stimulates contractions of myoid cells in seminiferous tubules (Hovatta, 1972; Urry, Asay & Cockett, 1977) .
This investigation was undertaken to evaluate the effects of various substances on the contractility of rat seminiferous tubules in vitro.
Materials and Methods
Testes were removed from 350-500 g rats (locally bred from Holtzman Laboratory stock maintained in our small-animal facility) after cervical dislocation or ether anaesthesia. After removal of the tunica albugínea, the testes were placed in a muscle warmer (an all-glass waterjacketed container) which contained Tyrode's solution (1 g NaHC03, 8 g NaCl, 0-264 g CaCl2-2H20, 0-1 g MgCl2, 0-05 g Na2HP04, 1 g glucose, all in 1 litre; the NaHC03 was completely dissolved before adding CaCl2) maintained at normal scrotal temperature (33°C) (Kormano, 1967; Collins & Lacy, 1969 
Discussion
The myoid cells of rat seminiferous tubules respond to PGs and other pharmacological agents much the same as do other smooth muscle-containing organs such as the gut, blood vessels and uterus in that there are changes in frequency of contractions, magnitude of contractions and changes in diameter that reflect changes in tone. In this investigation, changes in the frequency or magnitude of contractions were not the major changes induced; the changes in tone of the seminiferous tubule were much greater, i.e. of the order of 75 µ as compared to 4-6 µ for changes in the magnitude of contraction. Previous studies (Buhrley & Ellis, 1975; Tso & Lacy, 1975) and the present results indicate that PGs may be important as modulators of seminiferous tubular contractions. Buhrley & Ellis (1975) established that F-type PGs could be important in the initiation of tubular contractions. When the tubules were rinsed twice in succession with fresh Tyrode's solution, the contractile frequency was diminished. Returning the original bathing medium to the tubules restored their contractile frequency, as did treatment of the rinsed tubules with PGF-1 a. This phenomenon also occurs in the testicular capsule where extraction of the original bathing solution yielded a PG-like residue that restored contractile activity after successive changes of the bathing solution (Hargrove et al, 1973) . As shown by Buhrley & Ellis (1975) for rat tubules and Hargrove, Johnson & Ellis (1971) for rabbit testicular capsules the effect of PGEs on the contractions of the tubules in vitro was inhibitory. Moreover, PGs are present in the testicular parenchyma and testicular capsule and their concentrations are age-dependent (Gerozissis & Dray, 1977) .
The increase in contractile responses exhibited with cGMP and the observation that cAMP Downloaded from Bioscientifica.com at 02/12/2019 08:13:29PM via free access decreases contractility (Ellis et al, 1978) suggest that both cyclic nucleotides may be important as modulators of tubular contractions. In this respect, Goldberg, Haddox, White, Lopez & Hadden (1974) proposed the 'Yin-Yang' hypothesis of biological control since cAMP generally relaxes smooth muscle while cGMP tends to be stimulatory (Goldberg et al, 1975) . Immunofluorescent techniques have shown that cAMP and cGMP stain intensely in the lamina propria of seminiferous tubules (Spruill & Steiner, 1976; Maclndoe, Sullivan & Wray, 1977) , indicating that both cyclic nucleotides are located in the contractile tissues of the testis. The effects of 2,4'-dibromoacetophenone were as expected for an inhibitor of PGF-2a synthesis (Mitchell, Poyser & Wilson, 1977) . Indomethacin, also inhibits PG synthesis but 2,4'-dibromoacetophenone was more effective because it completely abolished contractions whereas indomethacin could only decrease them (Buhrley & Ellis, 1975 Free, 1977; Waites, 1977) and is required for optimal spermatogenesis. It is unlikely that rat testicular androgen concentration would normally drop much below -6 M so the inhibitory effect of low androgen concentration would probably not occur under physiological conditions. Testosterone (10-6 m) inhibits spontaneous testicular capsular contractions in vitro (Seeley et al, 1972) , but lower or higher concentrations were not tested. Bartke & Koerner (1974) suggested that the synthesis of PGF-2a in the reproductive system of the male rat is under androgenic control. Testosterone also mobilizes testicular lysosomes, thereby releasing phospholipase A2 which is rate-limiting for PG synthesis (Ellis, Sorenson & Buhrley, 1975; Ellis & Hargrove, 1977) . PGs could alter androgen synthesis by changing adenyl cyclase activity, testicular blood flow, cholesterol ester synthetase or esterase activity or by acting directly on the pituitary to decrease gonadotrophin content (Ellis & Hargrove, 1977 ).
An inverse relationship appears to exist for the smooth muscle of the capsule and semini¬ ferous tubules. In those species with strong, regular capsular contractions, such as the rabbit (Davis, Langford & Kirby, 1970) , seminiferous tubular contractions are poorly developed (Ellis et al, 1978) . Conversely, in the rat, no spontaneous rhythmic contractions of the capsule are seen Ellis et al, 1978) but the seminiferous tubules contract actively. Since there is no innervation of the seminiferous tubules (Hargrove et al, 1977) 
